ABSTRACT Bronchial provocation studies on 15 workers occupationally exposed to formaldehyde are described. The results show that formaldehyde exposure can cause asthmatic reactions, and suggest that these are sometimes due to hypersensitivity and sometimes to a direct irritant effect. Three workers had classical occupational asthma caused by formaldehyde fumes, which was likely to be due to hypersensitivity, with late asthmatic reactions following formaldehyde exposure. Six workers developed immediate asthmatic reactions, which were likely to be due to a direct irritant effect as the reactions were shorter in duration than those seen after soluble allergen exposure and were closely related to histamine reactivity. The breathing zone concentrations of formaldehyde required to elicit these irritant reactions (mean 4.8 mg/m3) were higher than those encountered in buildings recently insulated with urea formaldehyde foam, but within levels sometimes found in industry.
Formaldehyde has been described as a sporadic cause of occupational asthma since the first report in a matchmaker in 1939.' Case reports describe occupational asthma in a rubber tyre worker,2 a laboratory worker,3 and two nurses in a renal dialysis unit.45 Formaldehyde is extremely widely used in industry with production in the United States exceeding 3600 million kg (8000 million lb) a year for use in the chemical, construction, textile, paper, plastic, paint, adhesive, and cosmetic industries. More recently urea formaldehyde has been widely used for cavity wall insulation and for making particle board for mobile homes. Many symptoms have been attributed to living in such homes, including some symptoms. suggestive of asthma.68 We report our experience with bronchial provocation testing with formaldehyde in 15 workers occupationally exposed to formaldehyde who had respiratory symptoms thought to be work related. Ten of the workers were also exposed to other agents known to cause occupational asthma.
Subjects and methods

SUBJECTS
All those studied were referred for investigation after presenting with symptoms suggestive of occupational asthma. The details of the workers are shown in table 1. Brief histories are given of subjects 1-3, who had evidence of specific hypersensitivity to formaldehyde, and of subjects 4 Three of the four subjects with histamine hyperreactivity had an immediate reaction alone when exposed to 10% formaldehyde. Three subjects with a normal histamine PC20 value also reacted to formaldehyde; subject 5 reacted to 20% but not 10% formaldehyde (fig 2) , while subjects 2 and 3 had in addition late asthmatic reactions to formaldehyde. One subject with histamine reactivity (subject 14) and four subjects with normal histamine PC20 values (subjects 2, 3, 5, and 15) failed to respond to 1% formaldehyde (table 3) .
Discussion
The compression moulder, ink maker, and phenol formaldehyde process worker (subjects 1-3) join the few properly documented workers with occupational asthma due to formaldehyde. Subject 1 had his late asthmatic reaction reproduced on seven occasions. Immediate reactions were induced on only two occasions, one after a series of daily exposures to heated melamine formaldehyde and the other when the exposure was in the evening at 9 pm. Histamine reactivity was not measured in this worker, but it is known to increase after a late asthmatic reaction.'0 Histamine reactivity also shows a diurnal variation in asthmatic patients, who have a greater reactivity in the evening." Possibly therefore his immediate asthmatic reactions occurred only when his non-specific reactivity was greatest. The ink maker and phenol formaldehyde process worker reacted to formaldehyde at concentrations below 0.5 mg/m3 (0.3 ppm).
Previous authors have investigated the effect of relatively low concentrations of formaldehyde in both normal and asthmatic subjects. Thirty seven normal people had no reaction when exposed to 5.2 mg/m3 (3.5 ppm) of formaldehyde.'2 A similar study in nine asthmatic and nine normal subjects and 10 people with symptoms possibly due to urea formaldehyde foam insulation failed to show any asthmatic response with exposures up to 3.1 mg/m3 (2.1 ppm), although rhinitic reactions occurred in two subjects.'3 Eleven workers exposed to formaldehyde and isocyanates were exposed to both during bronchial provocation tests.'4 Only the worker with the greatest non-specific reactivity had a reaction, and this lasted less than five minutes after a 30 minute formaldehyde exposure at 3.7 mg/m3 (2.5 ppm). The present study used exposures well above the threshold limit value, but within those
